INTRODUCTION
110/10kV indoor substations are increasing rapidly in urban areas in China. Public concerns related to power frequency magnetic field exposure and even interference effects are of concern in recent years. It is certain that the best occasion to control and optimize the magnetic field distribution is at the design stage.
Magnetic fields around 110kV substations have been addressed in numerous literatures. But simplified effective methods for the prediction of magnetic fields around indoor substations are still in short of. In China, in most cases, the design stage control of magnetic fields at substation boundaries still depends on experiences and ex post facto monitoring. Though the substations designed up to present are all in compliance with the 100µT public exposure limit, in cases when sensitive equipment exists, quantitative evaluation of the magnetic fields at the substation boundaries with sufficient accuracy is still needed at the design stage. According to IEC 61000-4-8:1993, the immunity test requirement of Class I equipment is only 1.26µT [1] . Magnetic fields around indoor substations are lower than that around outdoor substations. But from the viewpoint of magnetic field calculation, indoor substation is more difficult, for the sources are more complicated and shielding effect of the building is indefinite in many cases at the design stage.
110kV indoor substations could be classified into two typical types, GIS substations and air-insulated substations practically equipped with outdoor 110kV distribution equipment. Aimed to establish a simplified method for relatively accurate prediction of magnetic fields at substation boundaries, this paper investigates the magnetic field sources in such substations. According to their magnetic field contributions to the whole substation, the sources ate classified into "local" sources and "global" sources. Then neglect the "local" sources to establish a simplified prediction method for the magnetic fields at the substation margins.
ANALYSIS OF POWER-FREQUENCY MAGNETIC FIELD SOURCES IN SUBSTATIONS
A detailed quantitative investigation of almost all the magnetic field sources is carried out. The incoming overhead lines and busbar system without trunking (the condition that the distance to the observation point is much greater than the busbar cross-sectional dimension is fulfilled) are considered as parallel current carrying conductors. Single-core cable systems are also treated as parallel current carrying conductors [5] . According to the Biot-Savart law and the principle of superposition, magnetic fields produced by such systems can be calculated as,
where, I i is the carried current of conductor i, r i is the distance from the observation point to the conductor, i a θ v is the unit vector from conductor i to the observation point.
For current carrying conductors in thin metal pipes, the shielding effect of the metal pipe can be considered as [4, 8] ,
where, (1 ) . t is the thickness of the pipe.
r is the radius of the pipe. δ and µ r is the skin depth and relative permeability of the metal material.
For current carrying conductors with a rectangular metal trunking, the shielding effect of the trunking could be approximately calculated with an equivalent pipe shielding. Depending on the arrangement direction of the 3-phase conductors, as shown in Fig.1 , the radius of the pipe could be taken as , d=w for horizontal layout and d=h for perpendicular layout [7] . Then Eq. (2) could be applied. 
The shielding effect of a 1mm iron cabinet will be estimated to S=0.35~0.57, in consistent with that estimated by the above 'trunking' method.
For low voltage multi-core cables, as shown in Fig.2 , when the observation distance rp fulfills 1.33
, where b=2π/L, the magnetic field can be estimated as [3] , ) where, u=2.121 for 3-core cable, and u=2 for 4-core cable. From Tab.1, it is clearly shown that there exist two kinds of magnetic field sources in 110kV substations. One kind of sources produce magnetic fields not exceed 1µT level at 2m away. The other sources can produce 1µT level magnetic fields even at 10m away. So here they are classified into 'local' sources and 'global' sources. The 'global' sources include 110kV incoming overhead lines, Air-insulated 110kV busbar, 10kV output busbar of the main transformer, 10kV Busbar in trunking, 110kV cables in parallel-separate layout, 10kV air-core reactors, etc.
FIELD INVESTIGATION AND ANALYSIS OF MF AT SUBSTATION BOUNDARIES
Investigation of magnetic fields in substations are carried out in two GIS substations and two indoor substations equipped with outdoor equipment. The measurement points and summarized results are shown in Fig.3 to Fig.6 , with measurement results shown in the figures. Magnetic field distributions in these substations are also carried out with or without the 'local' magnetic field sources considered. The results are also compared with the measured data. Examples of the calculated results of substation No.1 and No.3 are shown in Fig.7 and Fig.8 .
Measurements in these typically designed substations show that, (1) 'local' magnetic sources can be ignored in the prediction of boundary magnetic fields. (2) in most cases, the magnetic fields calculated with only the 'global' sources differ from the measured data in a range of 10% to 15%. (3) to each boundary of the substations, the 'global' sources are not difficult to elect. (4) 
SIMPLIFIED METHOD FOR PREDICTING MF AT SUBSTATION BOUNDARIES
Based on the above theoretical analysis of magnetic sources and investigations in the substations, it is concluded that in cases when only magnetic fields at the substation boundaries are of interest, a simplified method which only considers the 'global' magnetic fields sources will be possible. At the substation design stage, for each boundary of the substation, critical magnetic sources, which have decisive influence on the magnetic field distributions at the substation boundaries should be elected. Then their contributions are then calculated using simplified formula or easy software summarized in above section.
Some of the predicted results of this method are validated by field measurements in the 4 substations mentioned above. Some of the results are shown in Fig.9 to Fig.10 . In four typical designed substations, calculations and field measurements are carried out to show evidence that in the prediction of magnetic fields at the boundaries, 'local" sources are negligible. Thus the prediction of magnetic fields at substation boundaries could be simplified and carried out more easily. Such simplified method is manipulatable at substation design stage. 
